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ABSTRACT 

frepagatioa seasuressats are reported for frequencies- of 69.5 M* 70.1 kilo- 
megaeyoleti par second over 3«5~ =>*«£ T*0*^!© paths in the vicinity of Austin, Texas. 
T&ese meftav.rsaeate indicate that the o.wgsis absorption is somewhat lass than that 
predicted hy Van Yleok til whsreae the water vapor absorption Is several times 
that prodiotad. 

The magnetron transmitter, the orystal video receiver, and the associated 
ssts srs described in the reports 

I.    INTRODUCTION 

The measurements described in this report using a wavelength of 4*3jn5iiii- 
m*ters are an extension of previous measurements made at 8,6 millimeters (2, 3i> 
Tae equipment tw the Icngsr wsvdlssgta h«d been BO desigmsd that it isas readily 
adaptablw to the 4«3<»ffiillim*ter tests as descs'tued later. 

A frsqasasy sf £$»!> kiiemegaeyeles par second «as used ©s paths 3«5 M** 7*0 
«w.lsa Issg sad a frestseiey ©f ?Q?1 kiiemegaeyeias per second was used on the 7*0=* 
mile path. Data was takes using the ©9»5 kmc/s signal for five minute intervals 
of time op, t«a days over the 3«5"B*-^e peth and on six days over tha J--A19 path* 
Similar- samples of data ^sre taken oa 70»5 •*«/* oa ten days over the 7^0-ssile 
path. 

Humidity measurements aad» at both ends of the path were found to agree satis-* 
faeterlly with data obtained f res the Weather Bureau. % plotting the loss relative 
to the free spaee sigaal level as a function of the water vapor content of the 
atmosphere it was possible to estimate the loss due to water vapor and that due 
to oxygen« 

This average wet a ad dry talb temperature measurements made at the ts*as» 
Bitting and receiving sites differed by less than one degree 2ahreab.«it frca the 
data obtains.! froa tae weather Bureau.- 

Refraatometer measurements were made on a number of days and the spectral 
distribution of the refrastive-iadax fluctuations is compared to the spectrum of 
the millimeter fluctuations. 

-1» 



ix,  mmwk 

The raceivor used to detest the 4«3-ffliiliffieter signals was of the crystal 
video type a«d :ls shows in Figure 1. 

Through 'fee eourtasy of Bell Telephone laboratories, one ©f their 5«4H[B*iW'" 
sister SKp@rimesteI crystals was madw available far use in this reoeiver,. wig 
crystal was of the cartridge type »ad was mounted is a brass blook in such a manner 
as te allow waveguide to be held In alignment- with the windows of the crystal 
cartridge. One of the cacti oss of waveguide t?as slotted in ths pluae of th© sleeUria 
r.old and a piece of 0.00© laoh thick phosphor-broazs was passed through uis slot 
©ad '.is©d s.s an adjustable shorting stub. 

As S tuner constructed of EG-S8/U silver waveguide with shorting stubs of 
C.CCc inch phospher-bry«*e p«egad through slots is. the S and H arose was placed 
between the crystal holder and the calibrated attee&stsr. 

The antennas used w*»i* sectional cylindrical herns that had bees designed to 
IIS,? —  •itiiVH|iii  5i5•SSi£SS   st   C,5  SiililSST-ei*!?- 

The video amplifier had. a bandwidth of 15 ssgaeyeles m& & minimum detectable 
sisfeal level of approximately 43 aba when uses with an average video crystal, de- 
teetiug « O.cn microsecond pulse at 9»3 kma/a. The video amplifier was divided 
into two parts. The pre-fimpllfler was mounted ca the bass hoidiag the srystgl de- 
tector, tha «s tuudF, the callbrstsd attenuator s and the aatessa* The main body 
of the amplifier* the integrator, the metsrisg circuits, and the power supply were 
mounted os a chassis behind a relay rack panel. A 20 foot length of cable was used 
*e ©«i«l® ths pre-amplifier to the main amplifier. A voltage derived from the 
integrator was supplied back as a bias to the stages of t-hs agia sultrier to pro* 
duoe a 20-db-range recording seals. 

XXX*    AKT^SRAS 

Th* antennas used os the 3»^"^-^8 v*t!z, consisted of four sections of the sosical 
fcora which gave optimum dimensions at 8.6 ran sad had ea sstsana gain of 34 —• T>>* 
antennas used os the ?-ffiils path ca&slsted of sight sections of the eesiaal horn with 
a hyperbolic lens of plexiglass at the mouth to aedify the ponse free* to the extent 
that an effective capture area of sear ose was realis«4. These asteaaos had a gain 
of 45.fi db. Hie antennas used for calibrating the attoanatcr were sissle aeetlosa 
of the oylisdrioal horn so that all speeings between ths transmitter an-i receiver 
the phase frost w& ©seeailolly plane across the mouth of the antennas. 

17.    dJttlEKAXSa ATTSpTuATOa 

The saiioirated attenuator was of the guillotine type with a dial gsg-3 ussd 
to isdleate the depth of penetration of the j?e#istsss* a»t«risi. The s^slzg parts 
and the blocks used to assemble the moving #*?*•» sm& the silver waveguide were 
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ie of st&lnlese steel. Bxe gla»« upon wish aiohrem* m» evaporated was a O.OOJ 
inch thick microscope elids sovsr. Th© glass «BS out ©« ©s arc *&©se sord *as 1.5 
isshss with a tantalusj.'*sarbid$ tigpsfi series. Ths sichroma we« «s»«v>oT*t*€ ©s the 
glass from a tantol'ja boat at d aiiasaW- px-ssswr-s of 5 s 10"9 millimeters of sarwury 
after the gl«ss had bees praliaat*s to a tempsratyrt of 200° 0* fh» 400 o^21 PSr 

square aiehrosa© fika =as givsn a protective coating of magnesium fluoride- She 
glass with ite seating of resistance material was cemented is. % slot In the guil- 

The attenuator sag calibrated by varying the spacing between tM transmitter 
and ia© receiver ever gush distances as to gi^© known ineremeats of attenuation 
based on the Inverse square lew variation of pswsr Isvel, This procedure was n»« 
peated a auaBer of times over two different paths and a smooth eurve was drawn 
through the average of the points thus obtained. Hie maximum deviation ef the 
points from the average was approximately 0.5 db. 

The signal sources wers experimental magnstrsss of the Columbia University 
design operating at frequencies of 65*45 tans/8 and 7°.10 fcac/'s. 

The antennas used on the transmitter were identical with those used at the 
receiver with the 34 fib antenna on the 3.5-miie path and the 40.8 db antenna en 
the 7=*s§ils path» A view of the transmitter ae used os the 3»5*^-- path is shawn 
la Figure 2 and a view of the transmitter as used on the ?-mile path Is shown in 
Fissure J, A crystal detector was used to monitor the relative p&ak po»r«»r iwvel 
and ths'puls© length. Psse? ssatput e&arseteristies relative to the a^er^ga sasgtia- 
tron current and fllamsnt voltage were determined by measuremeata made over a 1000 
toot path over a period of t wo weeks* 

7i,  immmm BROCEDUES 

(a)    1000 footpath 

Measurements news made over & base path whose length was 1000 feet with 
the transmitter and receiver assembled as they were used on the 3.Visile and 7-mile 
paths. iteasuraescts were mads at random tissss during a two week perioe. The re- 
suits indicated tfce signal strength could be measured with an accuracy ef & 0*2 db. 
'The base path also provided a signal lerel relative to which the signal levels 
over 1/uo 3«5B5S^—® s&g* 1 "•jails ga^h w@r# ssnasured. 

<b)   3.5-mlle and 7-mile Paths 

Th» receiver was looated on the 25th fleer of the itoivarsity ts»er for 
both the 3»5-miie path and the 7-mile path,- Hhia location was about 25O feet above 
ground level and at as. sievation of about. S^O feet,    for th© 3»5"ffi*i® P**-» *~® 





tT'enadttor was located at ths statanaa site cf KEBO-TV «i Haunt Larses et sn eleva- 
tion of Si© feet-. The ground level dropped off from the Lniveralty tower, rising 
abruptly at Mount Larson, A % it** of tola path agi iiaen from the University tower 
is shows is Figure 4. 

for tho 7"*SBil« path, the profile elevation increased fairly unifoxmiy 
tz-<m the ©ass of the tows? to a value of 8l0 feet at the Balaemee Research Senter. 
The iiauiwdtter was located, eboui 10 feet above ground for the measurements, 'Bio 
7-mUe path as sees from the University tswer ia shown, in Figure 5,   ?«= path is 
th-s same as shows, la Figure 3 of K*»port Ho. 69 £f> j. 

Telescopic gun sights were attached to the antennas ana were used for 
puistiBfe th= satsaafe each tin** measurements WS-JPH made* After slignaerte the 4,3- 
millimsfcsr signal was recorded for a period of three to fire minutes on an Esteriine- 
Angus recorder, 

Sling psychrometer readings at the transmitter site and at the tscsi?®r 
site wars taken each time signal strength data wers reoorded. These readings were 
found to agree very closely with data obtained from the Weather Bureau. 7bs dif- 
f*?*ae« i» *«• uratar content of the aimoephere as d*ts«ulusd. frss ths psyehroEsster 
jaessuremtrnte at the two «ads of the path Sid not szeeed 0*3 gram par CUCVJ meter. 
The average of the values measured at the ends of the path was assumed to he the 
average over the pash, 

HecorAings were aade on a number of the measurement days of the refrac- 
tive-index fluetuations as given "ay a eraln refract ©meter [4]. Simultaneous re- 
cordings of temperature fluctuations were also taken using a calibrated thermistors 

Siw aiguKA strength sns water vapor data as* given is Tssble I. The loss was 
measured relative to th*t at 1000 feet and the Inverse square loss «»s removed to 
make the measurements relative to the free space valuse For both paths* the signal 
to noise ratio was appruiiastely 10 db» (Sae relative msasur«ss«»"06 were made with 
as aeeuyaev of * Q«5t db. 

•sin.   smzBAXiem OF WATER VAPOR JUD azmm LOSS 

Tao loss in sseess of the fx«s space loss was reduced to a per mile basis and 
is also shown 1% Table I« This data »>as plotted m a function of the water Yspcr 
content of the atmosphere and is shown in Figu-w b« 

Tha line drawn on the figure is a least 'square line using all of the data on 
mn equal basis« The root mssa square of the signal deviation from this lint is 
0.04 db. From the y intercept, the oxygen absorption loss is indicated ts be 0»8 
db j*i? slls ssd from the slope of the line, the wat«r vapor absorption is indicated 
to be 0t04 db per mile per 2?am of w©t»? vapor per cubic meter* The deviation of 
the prints fm& this line ars also iMie*s*ee is fable I. 



.SfiSUU 
Signal Strength Data 

yrequeaoy 7o*IG Sas/s 
Patm Leiagtn 3*5 Miss 

Sate Time 

Tem- 
|S9re" 
tur® 

Wafcer Signal Strength 
Vteoar       Below free Spaee 
s&Ljeaaijtt.,, ^Mi-JL 

Vertical 
Bsviatloa 
from least 
mean square 

db/miie 

Fluctuation 
Basge 

11 May 13% 
12 May 19*54 
13 May 19*4 
14 May 1554 
17 May 1954 
IB May 1954 
1<5 jtey 'IQRA 

20 say x§54 
21 May I9f^ 
24 May 1954 

1400 
1045 
IO45 
1400 
I400 

1AOO 
 1  

KIT. 

xoju 

15.4 
11.2 
10, *. 
9.? 

12.8 
15.0 
i%? 

15.4 
14* 

4*2 
44 
3.9 
4-4 

4«$ 

5,1 

1.40 
1.1? 
ls2© 
1.12 
1.26 
1*29 

x.^4 
l4p 
1.4° 

•»03 
 nfc 
+ .02 

.00 
-.oe 
••CO 

»*04 
-*13 

1.4 
0*5 
0.3 

fi 
0.7 

0.5 
0*4 

Ireiiueaay &9*45 fins/s 
Faiii Length 3*5 dies 

T^   U>« ISiU •SSCXft P,Q 15.7 4-6 l*"1?! *2o6 0.*5 
1 Jese 1954 1130 8f «»i 

1=4» 
••01 o*y 

2 fuss A954 1430 crx 
So 

5»J **»M«fc 0.3 
~ Jufia  I9**• ia§© 9.1 •^ — 1.<H •.©9 0.3 
M   Tmuk   1OCA *1'5f» 8-5? Q=2 ±*i Is I? •9O4 o»3 

AS..5V 39»§ iS«o A •4"'' -•OS 

frequency 69.45 ••»/• 
Path I^ig**> 7 miles 

Z 7ane 
0 Jans 
9 June 
10 June 
11 "Mae 

_ 7uae 

24 Jane 
1 July 

1954 
1954 
1954 
1954 
19! 
1954 

1730 1:1 

&5 

1954 

1^0 
1000 
0930 
H50 
1*30 
1130 «   *<%!& 

0930 
0930 69.5 

16.0 
lb.2 
l6,2 
17.0 
lb.2 
17*0 
19.0 
AftV 

lg.l 

5. 

a  e 

10* 

10«4 

1 _"3tft 

1*5® 
1.3? 

l«36 
1,-40 
l?|p 

Aft 

Mi 
l»: 

,00 
^•03 
*.02 

•£03 

»!oi 
A-fte 
• »•*-(? 

*t01 

1.5 
1.8 
2.1 
1., 
1* 
2.0 
1.0 

1*4 
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Because of the limited distribution of the points and because of the Halted 
aseuraey of the measurementst aeparats analysis of the data oa the two frequencies 
did not 8B«a desirable* A comparison of th® loss obtained from Figure b with 
those predicted by Tea Vlesfc [jj  is as followss 

Steasured 
Predicted 

3&#©r«tiaal Loss 
C^,45 Kme/a     ?G,10 Xme/s 

0*8o t 0.2 1.09                0«S5 

OeC4 4 0„01 0.012                 0.012 

Oxygen loss is ah/mile 
Water vapor losa_is 

db/iaiie/gram/nK 

If a single line breadth eonstaat of 0„26 is used la the formula given in 
ref erenee [ll§ the calculated water vapor absorption would agree with the measured 
value of 0,04 Sb per mile per grass of «at#r taper per ettbie aster. 

From ail of the 8.,o"milliffietar data previously reported, a median lo?? «f 
0^017 su uSr iuiiw per Kfgs cf w~tsx: ~=pc-~ •r subla meter ws» fsajtsa. 15ie line 
breadth constant of"os2o is also obtained from tnesa data* 

EC    RADIO AMD REFRACTIVE INDE FLOCTtJATIGKS 

The range of signal fluctuations for each sample of data is shows, in Table I. 
The ndnlmamt median* and maximum fluctuation rang© for tha two distasaea using the 
4»3-a3llli!B®ter wavelength were as follows % 

Path jLaagta is adies 3«5 7*0 
mniswSR fluctuation Bangs is Sb 0^3 1«G 

Maximum Fluctuation Range in db 1,4 2.2 
Median Fluctuation Range in db 0.5 1*8 

A recording microwave refractometer was set up on top of the transmitting truck 
and index-of -refraction data were taken simultaneously with the radio data on a 
number of days., Temperature fluctuations were also measured at the sampling cavity 
of the reffasicmsster. 

for the days on which these simultaneous data were taken, the recordings of 
radio signal strength, refractive Index and temperature were analyzed in the fol- 
lowing Eannsrt 

1. The statistical distribution of the data ssis plotted oa Gaussian 
paper and & straight line WAS drawn through ms poiati, 

2. The HSS values of the fluo-e&atiaas ?fere obtained as one-half of the 
difference between the mf> m&. 84^ points on thee* graphs* 

3» Autocorrelation fuaetiong were plotted using the aorrslstioii eoapiter 
developed by F. £• Brooks [5 J Fran thsss, the spectral distribution of the fluctua- 
tions wars obtained,    One set of these spectra is shown in Figure 7«   There was 
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remarkable agreement between the shape of the spectral densities for temperature, 
index and radio fluctuations In each case. 

It should be noted that the length of sample was too short to determine* with 
any degree of accuracy, the magnitude of the very low frequency contributions, The 
y intercept point represents the energy in a small interval to the right ef the y axis 
ana is somewhat arbitrary in thai! ihfi average value of the autocorrelation faaation 
was made zero.   This difficulty does not affsot the accuracy of the ffiS measurement. 

Tne magnitudes of the BM5 values of the fluctuations for data taken on tixe 
7-mila path were as followss 

Sate 

8 Jnss 1554 
a 

&°J~SHt' 

10 Tun® 1954 
il June 1954 
H Jane 1954 
lb June 1954 
15 June 1954 
24 IQCi 

BIS3 Radio EMS Index ais Temperature 
Signal Fluctuations Fluctuations Fluctuations 

is db is !' units in "0 

0.22 0.35 o.n 
A r?-* >» <« 0 

olii 
vtow V.AC- 

C.30 0e2l 
0.2f 

.,65 
0.11 

0,41 0.1? 
oJ? G»£T 
0.34 0.93 C.25 
0,36 lo5 t\.1A 

Irom theso data there appear to be a definite correlation between the magni- 
tude of the radio fluctuations and the magnitude of the index fluctuations- In 
Figure 8, the BIS values of the signal fluctuations are plotted as a funuvlc^. of HM3 
w4u£>9 at Index-of-refractlon fluctuations* The line shown is a least mean asuare 
drawn thrsu^i the origin om!Ltti»s tee three points with thss larsest index fluetua- 
tions. 

These three points do not fit the trend ef the s^er points. Xn each ef these 
three eases, however, there was a slow drift of the index on which the rapid fluctua- 
tions were superimposed. This slow drift was the predominant factor in the H£S of 
the index fluctuation and had no counterpart in the radio signal fluctuations, 

hsrefore felt that the glsr ehargs is isdsr of refraction hsd little effect 
the radio fluctuations, but that the sapid Index changes were vesy closely re- 

lated to the radio fluctuations* 

Another type of signal strength fluctuation was noted over the 1000 feat 
calibration path when antennas with beam widths of the order of 10 degrees were 
used, This signal strength fluctuation of 2 db was associated with the wind 
blowing the 18 inch high grass os the pst-h e®d vas ef a much higher freoueney than 
that observed over the longs? paths. The signal strength fluctuations over tne 
1000 foot path were reduced to 0*3 db with the grass uncut by using the 1.7 degree 

to 0*3 db with the 10° antenna by cutting the grass. 
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'£.    WMPAHSS^S wx'iB Sab-uLIIXaaSnEi DATA 

B&ta ws-<» taken in Ifar-efc asd April i9g3 WOT *^« Ban» **'-- p^ths at a frequency 
of 35 ta»/a. At this frequency, the absorption loss was sraab lass than for tins 4*3 
SsijilBWt-fti" msasurssanta. The nedia« fluctuation rang* •*»«, howetrer, approximately 
the sa!ES for the 6«t ailliisster than for tha 4,3 willsmetera. 

A tabular sorapsrlson of these data are as follows: 

Path I=»og*h in miles 

ife 

f ftW 7»y 
Wav» L©sgt*» Is sllsaaaterss 4.3 U.b 
Jhssbsr of ssspiss 6 10 19 
Median 3%BS1 X-svei is db 

A 
belsw frea space 4.5 9.0 1»7 

Madlar, fl««;rJatiOD. raage 0,5 1*0 

s. aaaaxt 

Propagation measurements met at frequencies of &9«45 eM /0.10 Kiieawgacyciss 
far sssomd iadlvAtad that the absorption loss m>& approximately that predicted by 
theory* 1^ ^~s isSiestss, how«>vars mat the measure absorption due to osgggea 
was aoiaswhat less than the thssrssieai and that the measured water vapor absorption 
was several tisss higher than that predicted by present thfitory. 

Signal level fluctuations are interpreted as being duo to im*x-ef-refraetien 
fl'uot uat i OuS • 
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